Two conspicuous exposures of rhythmites are located in the city of Itu (Itu quarry; São Paulo State) and near the city of Rio do Sul (Itaú quarry; Santa Catarina State), and are the subject of this study. The Itu (IT) quarry (23 16' S; 47 19' W; Fig. DR2 ) constitutes one of the best-preserved exposures of rhythmites in the Paraná Basin . It exposes > 28 m of 260 cm-scale couplets in a continuous sequence. Individual layers vary in thickness from 50 to 1.5 cm, thinning upward. The Rio do Sul (RS) rhythmites (27º 10' S; 49º 35' W; Fig. DR3 ) consist of couplets varying from 1.2 cm -32 cm, and thickening upward. In both sequences dropstones testify to a strong glacial influence, associated with a large meltwater input Santos et al. (1992) . Eyles et al. (1993) interpreted a calm depositional setting; Canuto (1993) suggested sedimentation in a proximal glaciomarine depositional system. Field photos are available in Franco (2007) and Franco et al. (in press ). 
B. Sampling preparation for high-resolution magnetostratigraphic data series
The oriented blocks used in this work (Fig. DR4 ) are essentially the same as those analyzed by Sinito et al. (1981) and Roch-Campos et al. (1981) , collected from the IT and RS quarries. Block orientation was determined by magnetic and sun compasses, wherever possible. One block (Fig.  DR4B) corresponds to a piece of a light sandy/silty layer topped by dark shale, and intercalated by thinner layers of dark shale. The preexisting sample collections (above) were not complete anymore, and additional sampling was performed in order to fill the gaps. However, due to the present quarry conditions, the former levels of the RS collection could not be identified, and some gaps still persist. We recovered blocks from 150 IT layers, and 94 from the RS rhythmites. From each block one inch-diameter cylinders were cut across the whole layer thickness (Figs. DR4B and DR4C); the cylinders were then sliced into 2.2 cm specimens from bottom to top; the uppermost specimen from each layer being generally smaller than the standard height. A total of 163 (IT) and 125 (RS) specimens were prepared for magnetic cleaning routines and bulk susceptibility (K Z ) measurements (respectively conducted by the use of a 2G SQUID magnetometer housed in a low field room and a Minisep susceptometer (Molspin Ltd., UK)), which allowed us to build the magnetostratigraphic data series analyzed in this work ( Fig. 2 ; Tables DR1 and DR2). 
C. Paleomagnetic and K Z data

D. Low frequency spectra
The series from both localities present special challenges for spectrum evaluation, particularly in the lowest frequency bands, due to their short lengths relative to some of the most important frequencies of interest (Milankovitch frequencies). The insets shown in Fig. 3A ,B present results for single and multiple harmonic line tests; these tests are not fail-safe, and can indicate apparent lines from random variations (Schulz and Stategger, 1997) . Testing with red noise models reduces the possibility of such "false alarms." Fig. DR5 shows results of robust red noise modeling and multitapered power spectra of interpolated, zero-padded versions of the Kz series from both localities. The noise models are biased due to the interpolation, but this tends to elevate noise spectral estimates at the lowest frequencies. The spectral peaks exceeding the 95% confidence limits are labeled, and may be compared to the harmonic tests in Fig. 3 A,B . Figure DR5 . Robust red noise study of (A) the Itu (IT) K z series and (B) the Rio do Sul (RS) K z series using the SSA-MTM-toolkit with three 2 prolate tapers (Ghil et al., 2002) . The red noise was modeled using a linear fit and a median filter band of 0.001 cycles/mm. Both Kz series were preprocessed by interpolating to d=1.0 mm, and zero-padded to 5 times the original series length. The original sample spacing of the IT series was 28.4+5.5 mm (see Fig. 2A , Curve 4); the original sample spacing was 35.8+32.8 mm (see also Fig. 2B , Curve 4). The black curve is the estimated power spectrum of the Kz series; the other curves indicate the robust red noise model (red curve), and the 90%, 95% and 99% confidence limits.
